Summary -Transient-evoked otoacoustic emissions are transmitted through the middle ear. The purpose of this study was to investigate the effects of dynamic properties of the transmission system on the measurability of transient otoacoustic emissions. The authors analyzed the presence of transient otoacoustic emissions in 48 children with serous otitis media regarding the tympanogram, presence and type of effusion and pure tone average findings. The results obtained in this research show the predominant absence of transient otoacoustic emissions in patients with type B tympanogram (69.1%) especially if the effusion is mucoid (77.5%) with the hearing loss of 15 decibel hearing level. This research shows that disorders in dynamic characteristics of the middle ear in patients with serous otitis obstruct the transmission of acoustic energy and affect the measurability of transient otoacoustic emissions, especially if the effusion is mucoid and hearing loss of 15 decibel hearing level.
Introduction
Transient-evoked otoacoustic emissions (TEOAEs) provide an objective, simple, quick and non-invasive test of cochlear function. Their clinical application is extensive in healthy persons as well as in patients with hearing impairment. Nowadays, the routine use of TEOAEs is present in newborn hearing screening and in ototoxicity monitoring [1, 2] . In this way, we are able to detect a drop of hearing threshold in newborns up to 30 decibel hearing level (dB HL) as well as ototoxic cochlear lesion in children and adults.
Altered tympanometric findings or the presence of effusion in the middle ear may affect the measurability or cause the absence of TEOAEs [2, 3] .
Surveys have identified the effects of dynamic characteristics of the middle ear on TEOAEs [2] .
The research carried out by Koivunena and his colleagues has shown that there is a significant reduction of amplitude or a complete absence of measurable TEOAEs in type B tympanograms [4] .
In their work, Davilis, Kores and their colleagues have studied the possibility of applying TEOAEs in detecting middle ear pathology. They have concluded that TEOAE response is absent in patients with type B tympanogram in 43% to 72.3% of the cases, depending on the hearing threshold [5] .
According to some authors, even the smallest amount of effusion in the middle ear in patients with serous otitis media confirmed by myringotomy leads to immeasurability of TEOAE [6, 7] . In their work, Amedee and his colleagues show that TEOAE is measurable even in the presence of effusion in the middle ear, provided it is not a high-viscosity effusion. According to research conducted by Zhao and his colleagues, the dynamic characteristics of the middle ear, determined by the mobility of the transmission system, are the factors controlling the TEOAE status [8] . In his work, Koivunen shows that the TEOAE response depends not only on the quantity, but also on the quality of the effusion. Mucous effusion reduces measurable emissions to a greater extent than non-mucous one, but substantial reduction of TEOAEs is manifest in both cases [9, 10] . This research shows that the transmission of acoustic energy through the middle ear is altered in patients with serous otitis media.
In observing the relation between TEOAEs and hearing threshold, it is known that there is an absence of measurable emissions in patients with sensorineural hearing impairment greater than 30 dB HL. In their work, Zhao, Wada and others show that TEOAEs are measurable in patients with preserved sensorineural function and irregular middle ear dynamic characteristics and in cases with the hearing threshold of 40 dB HL. A higher incidence of measurable TEOAEs has been found in patients with serous otitis media when compared to patients with chronic otitis media with the same hearing threshold [8] .
Transient-evoked otoacoustic emissions are a valuable and useful test for observing middle ear
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Original study pathologies and they can be significant in the evaluation of clinical course of serous otitis media [11] .
Material and Methods
This study included 48 patients with diagnosed serous otitis media in one or both ears. All patients underwent pre-surgery tympanometry, pure tone audiometry and TEOAEs. Myringotomy was performed under general anaesthesia with the placement of the aeration tube. The patients were divided into three groups according to the results of the hearing assessment: normal hearing range, hearing threshold of 16dB HL to 30dB HL and hearing threshold exceeding 30 dB HL. According to the type of tympanogram, we divided the patients into 2 groups: the patients with type B tympanogram, indicating the presence of effusion in the middle ear, and the patients with type A and C tympanogram, without effusion. According to the characteristics of effusion, the patients were divided into 3 groups: those with mucous effusion, those with non-mucous effusion and a group without effusion, with type B tympanogram.
Objective
The objective of this survey was to establish the significance of monitoring TEOAEs in children with serous otitis media by analyzing their correlation with the results of tympanogram, characteristics of the effusion in the middle ear and the hearing threshold.
Results
This study included 48 patients, 31 boys and 17 girls.
The patients were 4 to 12 years old. Most patients were older than 4 and younger than 12 (Graph 1).
According to the tympanometry results, 81 patients were type B, and 15 patients were type A or C.
TEOAEs were measurable in 73.3% of the patients with type A and C tympanogram and in 30.8% of the patients with type B, the difference being statistically very significant (χ 2 = 9.740; df = 1; p = 0.002) ( Table 1 ).
The analysis of measurability of TEOAEs in correlation with the presence and viscosity of effusion in the middle ear showed that 61.76% of the screened ears without effusion had detected TEOAEs. Where mucous effusion was present, TEOAEs were detected in 22.5%, and non-mucous in 27.3% (Table 2 
, Graph 2).
This difference is statistically very significant (χ 2 = 13.363; df = 2; p = 0.001).
When we traced the correlation between TEOAE and the viscosity of the effision, we found that their presence was less frequently detected in patients with mucous effusion, but with no significant statistical difference (χ 2 = 0.176; df = 1; p = 0.675). By observing the presence of TEOAEs in correlation with the hearing threshold, we found measurable TEOAEs in 75% of the patients with the hearing threshold of 15 dB HL under, 38.3% of those with the threshold of 16 to 30 dB HL, and 24.3% of those with the threshold greater than 30 dB HL. This Abbreviations TEOAE -Transient-evoked otoacoustic emissions dB HL -decibel hearing level difference is statistically significant (χ 2 = 9.953; df = 2; p = 0.007) ( Table 3) .
When we compared the measurability of TEOAEs in the group with the threshold of 16 to 30 dB HL (38.3%) and the group with the threshold greater than 30 dB HL (24.3%), we found no statistically significant difference (χ 2 = 1.853; df = 1; p = 0.173).
Discussion
Serous otitis is a disease most frequently found in pre-school children and early-school-age children, mostly boys. In this research, 64% of the total number of patients were boys.
A previous research has shown that type B tympanogram is an objective parameter of high specificity and sensitivity in diagnostic procedures for serous otitis.
This research shows that there is a statistically significant correlation between measurable TEOAEs and tympanometry results. In patients with type B tympanogram, there is a predominant absence of TEOAEs, which is in accordance with the research of other authors. It can be concluded that the application of TEOAEs is of a diagnostic significance for serous otitis.
By studying the significance of presence of effusion in the middle ear and its effects on the dynamic characteristics and transmission of acoustic energy, we have found statistically significant difference in the measurability of TEOAEs. Where effusion is absent, the observed parameters are predominantly neatly measurable.
These findings lead to the conclusion that TEOAEs are not measurable in a considerable number of patients with type B tympanogram. This information may be of relevance in pre-surgery procedures for the assessment and monitoring of patients with serous otitis media.
When the effects of the viscosity of effusion on the measurability of TEOAE are regarded, this research shows that the measurability is reduced in patients with mucous effusion in the middle ear, but with no significant statistical difference. Such findings are in accordance with the results of research carried out by other authors showing a significant reduction of TEOAEs where the effusion is non-mucous.
It is evident that two factors in the middle ear are closely related to the absence of TEOAEs, the presence and viscosity of effusion. Clinicians must take into consideration that TEOAEs may be absent in patients with normal hearing range or with a tympanogram indicating negative pressure in the middle ear (A and C).
By analyzing the correlation between the hearing threshold and the presence of transient-evoked otoacoustic emissions, this research shows a statistically significant presence of measurable TEOAEs in patients with normal hearing threshold (up to 15 dB HL). These findings are in accordance with the claims of other authors according to whom TEOAEs may be observed in patients with normal hearing threshold, i.e. with the hearing threshold up to 20 dB HL.
The results of this research show that, although TEOAEs are absent in most patients with the hearing threshold exceeding 16 dB HL, they may be detected even in some patients with the hearing threshold greater than 30 dB HL. A research carried out by other authors also points to the possibility of detecting TEOAEs in patients with serous otitis and the hearing threshold of 40 dB HL. According to the results of this research, TEOAEs are measurable in 38.3% of patients with the hearing threshold up to 30 dB HL and in 24.3% of patients with the hearing threshold exceeding 30 dB HL. This difference is not statistically significant and we may conclude that TEOAEs will be present in patients with normal hearing threshold TEOAEs, while their absence may be expected in patients with the hearing threshold greater than 16 dB HL, especially if the threshold exceeds 30 dB HL.
Conclusions
1. Transient-evoked otoacoustic emissions are predominantly absent in patients with serous otitis and type B tympanogram.
2. The presence of effusion in the middle ear in patients with serous otitix leads to the disruption of measurability and absence of transient-evoked otoacoustic emissions, especially if the effusion is mucous.
3. There is a statistically significant absence of transient-evoked otoacoustic emissions in patients with serous otitis and the hearing threshold greater than 15 decibel hearing level, thus indicating the relevance of changes in the dynamic characteristics of the middle ear.
4. Monitoring of transient-evoked otoacoustic emissions in children with serous otitis media is of a diagnostic significance for this disease, especially in the assessment of presence of effusion in the middle ear, dynamic status and hearing threshold. 
